Introduction
A medium-duration pigeonpea (Cajanus ca jan L. Millsp.) is usually grown as intercrop. A wide range of crop combination in pigeonpea-based intercropping systems is found in India and eastern Africa (Ofroi and Stern, 1987; Rao and Willey, 1980; Venkateswarlu and Subramanian, 1990) . Although much information is available on the production efficiency and monetary advantage of intercropping, very little is known about the nitrogen (N) economy and root behavior. The study was carried out to examine how the nitrogen balance sheet and root development of pigeonpea could be altered by companion crops.
Materials and method
The experiment was conducted during the 1992 rainy season on a shallow Alfisols at ICRISAT Center, near Hyderabad, India. Medium duration pigeonpea (cv. ICP 1-6), hybrid grain sorghum (Sorghum bicolor L. Moench cv. CSH 5), pearl millet (Pennisetum glaucum L. R.Br. cv. ICMH 89988), groundnut (Arachis hypogaea L. cv. ICGS 11) and cowpea (Vigna unguiculata Walp. cv. Russian Giant) were sown on the broad bed furrow on 25 June 1992. Spacings for the sole crops were pigeonpea (75 x 20 cm), sorghum (50 x 15 cm), pearl millet (50 x 15 cm), groundnut (37.5 x 10 cm), and cowpea (50 x 10 cm). The ratio of * ICRISAT Journal Article No. 1653 the row arrangements in the intercrops was 2:1 for all combinations except the groundnut/pigeonpea which was 4:1. The spacing arrangements gave an identical number of plants on area basis for each component crop in sole and intercropping system with the exception of pigeonpea. All plots received uniform basal application of 14.4 kg N ha -1 as urea and 36.9 kg P ha -1 as single superphosphate prior to sowing. The experimental layout was a randomized complete block design with three replications. The size of each plot was 6 m × 12 m, consisting of 8 broad beds with 75 cm width.
The crops were harvested at maturity, 83,105, 110, 130 and 209 days after sowing (DAS) for pearl millet, groundnut, sorghum, cowpea and pigeonpea, respectively. Land equivalent ratio (LER) for yield was used to evaluate the biological efficiency of the intercropping system relative to sole cropping (Mead and Willey, 1980) . The dry weight of samples was determined after oven-dried at 70 °C, and a portion of the ground material used for N analysis. Total N was determined by indophenol color formation (Chykin, 1969) ,. For analysis of 15N natural abundance, N2 gas from digested samples was introduced into a mass spectrometer (Finnigan Mat 251). Detailed procedure for 15N natural abundance analysis and the estimation of N derived from air (Nafa) have been described elsewhere .
Root length was measured with the minirhizotron method (CIRCON Mvg011 agriculture system with MV9390 color CCD microvideo camera). The transparent plastic minirhizotron tubes (58 mm in diameter and 100 cm in length) were installed at a 45 degree angle between rows of component crops before sowing. Root length at 10 cm intervals up to 70 cm depth was calculated from the number of roots observed on a video display (Upchurch and Ritchie, 1983) .
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Growth and yield parameters
Shoot dry matter (SDM) and yield of pigeonpea intercropped with cowpea was significantly lower than sole pigeonpea and other intercropped pigeonpea (Table 1) . Harvest index (HI) of sole pigeonpea was significantly lower than intercropped pigeonpea. The SDM and yield of groundnut intercropped with pigeonpea was significantly lower than sole groundnut. These yield reductions could be closely associated with the reduction in SDM. There was no significant difference in yield of sorghum, pearl millet and cowpea of sole and intercrops. The combined yield of pigeonpea/sorghum was the highest, followed by pigeonpea/pearl millet, pigeonpea/groundnut and pigeonpea/cowpea ( Table 2 ). The LER values for grain yield were greater than the unity in all intercrops. Pigeonpea intercropped with cereals and groundnut recorded a significantly higher LER than pigeonpea with cowpea.
Nitrogen balance sheet
Nitrogen yield of pigeonpea intercropped with cowpea was significantly lower than sole pigeonpea and pigeonpea intercropped with other component crops (Table 3) . N yield of groundnut intercropped with pigeonpea was significantly lower than sole groundnut. There was no significant difference in N yield of sorghum, pearl millet and cowpea in sole and intercrops. The proportion of nitrogen derived from air (% Ndfa) was significantly higher in pigeonpea intercropped with cereals than pigeonpea intercropped with legumes. There was no significant difference in %Ndfa between sole and intercrop of groundnut and cowpea. Although the %Ndfa of pigeonpea intercropped with cereals was significantly higher than with legumes and sole pigeonpea, the amount of N derived from air (Nafa) was not significant among pigeonpea treatments except pigeonpea intercropped with cowpea. The Ndfa for groundnut intercropped with pigeonpea was significantly lower than that of sole groundnut.
Root system development and nitrogen uptake
Total root length (TRL) of sole pigeonpea was significantly lower than sole cereals and pigeonpea/cereals combinations at 33 DAS, and this trend was steady until the end of growth season (Fig. 1) . However, there was no significant differences in TRL between legumes in sole crop and legumes intercropped with pigeonpea. The TRL of cereals was significantly higher than that of legumes. The amount of nitrogen derived from soil and fertilizer (Naffs) was calculated using total-N in the plants and %Ndf a in case of legumes in intercropping. Then ratio of Ndf~s for component crop over pigeonpea was positively correlated with %Nafa of pigeonpea grain shown in Table 3 (Fig. 2) . This suggests that a higher N consumption of companion crop relative to pigeonpea may have increased the dependency on biological nitrogen fixation.
Discussion
Shoot dry matter of pigeonpea intercropped with cowpea was significantly lower than other combinations, though, HI was not affected (Table 1 ). This reduction in SDM is explained by competition for light between pigeonpea and cowpea. Maximum leaf area index of pigeonpea intercropped with cowpea was 0.41 which was only a third or a fourth compared to those of pigeonpea with other crops (data not shown). Since crop growth is correlated with solar radiation intercepted by leaf, irrespective of crop (Monteith, 1977) , pigeonpea with large leaf area would have an advantage in intercepting light over pigeonpea with smaller leaf area. The indeterminate, spreading and climbing nature of the cowpea used in this experiment may be a key factor in suppressing pigeonpea growth. Indeterminate cowpea is reported to reduce the yield of pigeonpea compared to the determinate ones (Rao and Willey, 1980) . Pigeonpea/cereal combinations were more beneficial than pigeonpea/legume combinations as indicated by their respective LERs and grain yield (Table 2) . In this regard, the overall yield of pigeonpea/cereal combinations has been reported to be higher than pigeonpea/legume combinations (Rao and Willey, 1980) .
A significantly higher %Ndfa of pigeonpea was observed with cereal companion crops than with legumes ( Table 3 ), suggesting that pigeonpea increases its dependency on biological nitrogen fixation (BNF) only when intercropped with cereals. Such an increase in %Ndfa has been reported for fababeans intercropped with barley (Danso et al., 1987) and ricebean with mmze (Rerkasem et al., 1988) . The reduction in soil N level due to the high uptake by cereals, especially at the early stage, may cause the legumes to depend more on BNF (Herridge and Brockwell, 1988) The TRL of cereals was three to six times higher than that of legumes, suggesting that cereals may have an advantage in exploiting N from soils over legumes. The TRL of the intercrops in pigeonpea/cereal combinations was higher than that of sole pigeonpea even after the harvest of the cereals (Fig. 1) . Since cereals developed the ratoon after harvest of above-ground parts, their roots would be kept alive in soils, resulting in an overestimation of the TRL in intercropping. The ratoon roots was unable to be separated out due to difficulties in recognizing roots of two component crops by Nd.~ ratio (companion crop/pigeonpea) Fig. 2 . Relationship between Ndffs (nitrogen derived from fertilizer and soil) ratio of companion crop over pigeonpea and %Ndfa (nitrogen derived from air) of pigeonpea in intercropping.
the minirhizotron observation. In contrast, the TRL of the intercrops in pigeonpea/legume combinations was not higher than that of sole pigeonpea. Considering that dry matter production of above-ground parts was enhanced by intercropping with legumes as indicated with LER (Table 2) , there would be an allelopatic inhibition of root growth between two legume crops. Assuming that below-ground competition for N from soil and fertilizer is a limiting factor for the growth of each component crop (Fig. 2) , cereals may have an advantage over legumes to meet their N requirement, particularly during the active growing stage, due to their more extensive root proliferation in the surface soil. Consequently, cereals would deplete soil N more rapidly than legumes. It is reported that nitrate, which is a main form of N under upland conditions, disappears completely from soils in sole and intercropped sorghum fields at 45 DAS, whilst an appreciable amount still remained unutilized in sole pigeonpea Pigeonpea is reported to develop a deeper root system than soybean and maize on Alfisols (Arihara et al. 1991) . Therefore intercropped pigeonpea could utilize N in the deeper soil, even though soil N in the surface becomes depleted. When pigeonpea is grown on a shallow Alfisol with a hard stony layer below 30 cm depth, like in the present study, it is unable to exhibit its deep rooting characteristics (Ito et al., 1992) . Pigeonpea intercropped with cereals must have been forced to grow under limited soil N from the early growth stage. It is concluded from this experiment that the increase in %Ndta of pigeonpea could be attributed to the higher utilization of soil and fertilizer N by the cereal companion crops.
